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ABSTRACT

Methods of computation and error estimates are presented for numerical
apptoximation of selected meteorolocical parameters used in the
sotution of cloud physics protlems. These parameters are latent

heat, saturation vapor pressure, dew point and wet bulb temperatures,
specific heat of liquid water, temperature of the lifting condensation
level, change in mass of ¢reely falling water drops, and saturation-
adiabatic temperatures. The FORTRAN programming language listings

of the approximations are provided in the Appendix.
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I NTRODUCT 10N

The app!ication of techniques for numerical simulation to
various meteorological processes requires that many meteorological
parameter descriptions be subject o individual approximation.
Thus, the accuracy and adequacy ot the descriptions are
dependent on the requirements of the individual "simulator."

In many cases the importance of the meteorological parameter
description is subordinate to scme broader scale problem; as
such, if the description is deemed adequate, it is normally

used without explanation or comment. As a consequence

there are many methods available for the description of
meteorological parameters, but there is a paucity of information
on how well they describe the parameters., |f the accuracy

must be known, then the investigator must either construct

his own approximation or ascertain the accuracy of some
available Cnproximation, either of which can detract from

the soluticr »f a larger problem,

This report contai.s descriptions of numerica! approximating
techniques for meteorological parameters required by the author
and his associates in conjunction with numerical model ing efforts
concerning clouds and fogs [!], [2], [3], [4]. This presentation
is made so that there might be a ready reference to a set

of approximating methods and the accuracies associated with

the calculated parameter values.

The numerical approximations are divided into two groups:

(1) descriptions of meteorological parameters, per se; and (2)
descriptions of meteorological parameters associated with a
meteorological process. The first group covers the latent

heats of water, the saturation vapor pressures of water, the

dew point and wet bulb temperatures, and the specific heat of

Iiquid water. The second group covers the temperature of the

lifting condensation level, the change of mass of freely

falling water drops, and the temperatures resulting from

saturated adiabatic processes. The method of approximation

and the source of comparative values, as welil as the error

as determined relative to the comparative values, is provided for
each parameter. The units for the comparisons are those of the
comparative bas2, where applicable. In those cases where comparative
values are not available, the basis of the accuracy given is discussed.

When percentage errors are given the value presented is calculated
from
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Calculated value-Reference value 0

Percentage Error = 100
Reference value

The FORTRAN programming language listing of the approximations
is provided in the Appendix in either FUNCTION STATEMENT or
SUBRCUTINE form as aporopriate.

METECROLGGICAL PARAMETERS

The meteorological parameters described in this section are
associated with the state of the atmosphere and are, therefore,
essentially definitions of the value of the parameter for

the specified state. The parameters covered are those associated
with the following: the heat requirements for the change of phase
of water; the partial pressure of water vapor over liquid and
solid plane water surfaces; the Temperature at saturation of air
ccoled at constant pressure with no change in water vap>r ccntent;
the temperature of air cooled to saturation at constant pressure;
and the specific heat of liquid water.

Latent Heats

The latent heats are associated with the vapor-liquid, vapor-solid,
and liquid-solid phase changes of water. The latent heats can be
expressed as functions of temperature, T, with the techniques

given here using degrees Kelvin (conversion to other temperature
units is provided in Table |) and the latent heat expressed

in ITcal g (conversion to other units is provided in Table il).

The latert heat associated with the liquid-vapor/vapor-|liquid
phase changes is the latent heat of vaporization, Lv' it
can be approximated from

LV = 754.817 -0.575 T (2)

The latent heet associated with the sofid-vapor/vapor-solid phase
changes is the latent heat of sublimation, Ls' It can be i
approximated from i
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TABLE 1

TEMPERATURE UNIT CONVERSIONS

Unit Symbol Unit Symbo | Conversion
Kelvin K Centigrade C K-~ 273.16
Fshrenheit F 1.8 (K - 273.16) + 32
Rankine 1.8 (K=~ 273.16) + 491.69
TABLE 112 ﬁ ‘
ITcal g~' UNIT CONVERSIONS i
1.0 International Steam Tables Calorie (ITcal) = 1.00032 call5
1.6 ITcal g ' = 4.18684 x 10’ cm sec 2
4.18684 x 10° m sec”?
4.5057 x 10% #12 sec™? g
i

lThe conversions given here are based on the values provided by
List [5, p. 17].

2 . . .
The conversions given here are based on the values provided by
Ltist [5, p. t4].

i SN
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L, = 98.777 + [335566.953 - | T -238]2] LY

The latent heat associated with the snlid-liquid/liquid~solid
phase changes is the latent heat of fusion, Lf. it can be
approximated from

£
The accuracy of Lv’ LS, and Lf is given in Table IIl.

Saturation Vapor Pressures

In meteorological parlance, saturation vapor pressure refers to

the partial pressure of water vapor for saturated conditions over

a plane surface of either liquid or solid water. The saturation
vapor pressure, expressed in millibars (conversion to other

pressure units is provided in Table 1V), is a function of temperature

only.

The saturation vapor pressure associafgd with a plane liquid
water surface, e » is approximated by

w
e, = l0(a+b+c+d+e) 5
v,l
where a = 23.83224
DT R e | (3uaster - 102,804/
= 8. ] e - .
d = -1.3816 x 10~ l0(!!.344 0.0323998 T)
e = -2949.076/T

and the saturation vapor pressure associated with a plane solid
water surface, e, is approximated b
i

3Equa‘rions 5 and 6 are restatements of those given by List

[5, p. 350].

L, = (1.7757 -0.0023245T)T - 0.0i2 |T-243| -231.494 (4)

"
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PERCENTASE ER™MRS IN THE NUMERICAL APPROXIMATIONS FOR CALCULATION
OF LATENT HEATS

TABLE 1114

Percentiage Errors in Latent Heats

Temperature
(C) Vaporization Subl imation Fusica
60 0.009
55 0.C04
5 0.000
45 -0.004
40 0.009
35 0.004
30 0.017
25 0.030
20 0.743

15 0.08

10 0.051

5 0.0:

0 0.074 0.000 0.063
-10 0.083 0.003 0.108
-20 0.057 -0.005 -0.080
-30 0.000 0.005 -0.246
~-40 -0.153 0.005 -0.462
-50 -0.445 -0.005 0.350
-60 0.003
-70 0.000
-80 0.00i
-90 0.006

-100 0.000

4The comparative base for construction of this Table was that

provided by List [5, p. 343].
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TABLE 1v°

PRESSURE CONVERSIONS

1.0 millibars (mb) = 10° gcm ' sec

1.4504 x 102 1b in 2

2.08854 1b £t 2

TABLE Vv

PERCENTAGE ERRORS IN THE NUMERiCAL APPROXIMATIONS FOR CALCULATION
OF SATURATION VAPOR PRESSURE AT SELECTED TEMPERATURES

Percentage Errors

Temperature
) e e
S S.
w i
-:00 0.003
-80 -0.015
-60 0.031
-40 0.0!7 0.008
-20 -0.003 -0.036
0 ~-0.004 ~0.008
20 -0.004
40 -0.003
60 ~0.004
80 -0.005
100 -0.004

The conversions given here are based on the values provided by
List [5, p. 13].

Aihe comparative base for the constructicn of this table was that
provided by List [5, pp. 351-353 aad 360-361].
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e - |0(a+b+c+d) (8)
S.
H
where a = 2.0702
b = -2484.99/T7
c = 3.56654 log T
and d = -0.0032692 T

The percentage accuracies of the functions of e and €,
are given in Table V7. w

Dew Point Temperature

The dew point temperature, T,, is that which unsaiurated air, cooled

at constart pressure with no change in the water vapor mixing ratio,
would have at saturation. The process for approximeting this temperature
is an iterative cne, with the basis of closure being the difference
between the actuai vapor pressure determined from the dry bulb
temperature and relative humidity and the calculated vapo:- pressure

of the dew point temperature. Assuming that the dry bulb temperature

and the relative humidity are known, the calculations are accomplished

as follows:

I. Select the accuracy desired in the vapor pressure
differences. The resulting numter of iterations required for
various accuracies are provicad in Table VI,

Zz. Calculate the saturation vapor pressure of the dry
bulb temperature, es, using Eq. 5.

3. Calculate the desired vapor pressure at the dew point
temperature, e_, from the relationship
es rh
& T THoo o

4. Make an initial estimate of the dew point temperature.
The initial estimate in this report is found from a
restatement of an approximation given by 'dewson and
Longley [6, p. 2267:

7Applying the function statements stated here to all the values
providea by List [5, pp. 351-353; 360-361] the maximum
percentage error found was 0.04 percent.
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. 2340
8.573 - 10g(0.16367e )

5. Estabiish an initial increment for tenperature iteration.
The initial increment of temperature, AT, used in this
report is determined from

AT = 7.7 -0.026Td 9)

%ith the added condition that |AT|>0.1.

Calculate the saturation vepor pressure corresponding
to the estimeted Td, es(Td)’ using Eq. 5 of Table V.

Find the error in this vapor pressure from

- (
_ 100 [ea es‘Td)!
error =

(10)
e_
o

If this error is smailer than the value specified in
Step 1, STOP: the T, currently being investigated is
acceptable as an estimate of the dew point temperature.

If the sign of the error has changed from t.ie previous one

and the error is larger than the value specified in Step I,
change At to kAT.

9. Adjust the estimated value, T , according fo

d
e -e (Td)

T,os Tyt 2 5 8 a7 (n
Iea - eS(Td)l

and then RETURN TO STEP 6.

The accuracy of the dew point temperature is dependent on the
accuracy of Eq. 5 and the temperature of the dew point. With a
closure accuracy requirement of 0.001 percent, the meximum

error to be expected would range from 0.005 C at -50 C to
0.002 C &t +100 C.

The percentage accuracies, exclusive of consideration of the

vapor pressure function contributions, are provided in Table
Vi.
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¥et Bulb Temperarure

The wet bulb temperature, Tw, is that which unsaturated sir, cocled
by the adiabatic evaporation of water at constant pressure with

no external source of heat, would hawe 2t saturation. Like the

dew point temperature of the preceding section, the process for
approximating this temperature is ar iferative cne, with the basis
of closure being the difference in vapor pressures. Assuming that
the dry bulb femperature and relative humidity are known, the
calcuiations are accomplished as follows:

i. Select the accuracy desired in the vapor pressure
differences. Th2 resulting number of iterations required
for variocus accuracies are provided in Table V1.

2. Calculate the saturation vapor pressure of the dry bulb
temperature, es, using Eq. 5.

3. Cszlculate the vapor pressure at the dew point temperzture,
e, from the relationship stated in Eg. 7.

4. Make an initial estimate of the wet bulb temperature.
The initial estimate in this report is found from a
oconsideration of the dew point temperature, Td’ as
estimated in Eq. 8, in the form

3 sd (12)

5. Make arn initial estimate of the saturation vapor pressure
cf the dew point temperature, €, using the expression
from List {5, p. 3661 in the form

e = e_ + 0.000(>P(1 + 0.0011 T XT -T) (13)
w a w a3 w

6. Establish an initial increment for temperature iteration.
The initial increment of temperature, AT, used in this
report is determined from

AT = [e (T) - e ]} (3.3 - 0.0089T7)) (18)
S w w a

“awmeig

A AR —— 4=
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where e _(T ) is fm'md from Eq. 5, with the added
conditidn That [dT1>0.2.

7. Calculate the safuration vapor pressure corresponding to
the estimatad TH, eS(Tw‘ using Eq. 5.

‘45

8. Calculate the vapor pressure, e,r using Eg. I3.

9. Fingd the error beiween the two vapor pressures (from
Steps 7 &nd 8) from

fe (T)-e ] 100
error = —=> % L (15)

e
w

1f th’s error is smaller than the value spec’ fied in
Step |, STOP: the TU currently being investigated is
scceptable as an estimpte o the wet bulb temperature.

10. If the sign of the error has changed from the previous one and

the error is larger then the value specified in Step |, change
AT  io %aT.

Il. Adjust the estimeiea value, Tu, according 1o

Fha) KA ¢ Do mbmarmes S

T = T + AT (e)
w w

where AT is positive if e (T ) <e and negative if
e (T) >e . FETURN TO STE® 7.

REARCU

2\

As for the dew point temperature, the accuracy of the wet

bulb temperature is mainly dependent on the accuracy of Eq. 5
and the temperaiure of the wet bulb.

340
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Speci fic Heat of Liquid Water

The amount of heat required fo rais= one gram of liquid water one

degree K is the specific heat of water, cH. The function for estimating
the value of ¢ results from a curve fitting cf the data given

by List [5, p."3431. The fonction is

0.302i

c,6 = 0.9975+ 850, T=308D) (7

The accuracy of the application of this function with the
values from List [5, p. 343] is summarized in Table VII.

METECROLOGICAL PROCESS PARAMETERS

The meteorological parameters described in this section are associated
with meteorologica! processes. The parameters covered are: (1)

the temperature air would have after it has been lifted (dry adiabatically
with no change in water vapor mixing ratio) from an initial level

until saturation is reached, which corresponds to the temperature

of the lifting condensation level (L(L); (2) the time rate of change

cf the mass of freely falling water drops; and (3) the temperature
restlting from moving air from one pressure level to another in

a maintained saturated state, which is the psuedo-adiabatic temperature.

Temperature of the LCL

The temperature of the LCL, T cL’ is computed from the dry
bulb temperature, 7, and the hew point temperature, T, of
the initial level in a restatement of the formuietion provided
by Inman [7], namely

Tl = Ty * (0.098 -0.001571 T, + 0.000436 T)) (T-T) (18)

ond b L I e =

ket

RTY
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TABLE VII

f
Tt s s e RS R R

PERCENTAGE ERROR IN THE NUMERICAL APPROXIMATIONS /OR THE
CALCULATION OF THE SPECIFIC HEAT OF LIQUID WATER

Temgerature Percentage Error of
) c
w
-50 0.000
-40 0.785 :
-30 ~-0.603 ;
-20 -0.417 i
1Y -0.316 i
c -0.006 :
5 0.087 .'
10 0.132 !
15 0.144
20 0.146
25 0.127
30 0.i08
35 0.084
40 0.108
45 0.137
50 0.176
55 0.234
60 0.322
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The accuracy of the approximetion is given in Table Vill, where
the comparative base is that provided by Nordquist [8].

These values were computed using an iterative scheme, which

had a closure of 0.00! percent in determination of the LCL water
vapor mixing ratio.

Change of Mass of Freely Falling Water Drocs

The construction of numerical models which contain consideration
of liquid water require that some method be established for

cons idering the mechanism of evaporation. The parameterization
used here is based on the method proposed by Kessier {9, pp.
29-30] using the data provided by Kinzer and Gunn [10].

The basis of the approximation is that the change in mass due to
evaporation can be expressed in the form

aM B
i A (es ea) d S R*)

The two approximations provided here are based on "best"
fits of the Kinzer and Gunn data to Eq. (19), one as the
equation stands and the other including a temperature 3
dependence. The first approximation is

SR

Lan 2l

My 1.615

ﬁ)l- 0.0152 le_e_) d (20)
while the second is

aMy _ _ a

_d'T}Z - [I. 0.025(T_ 290)] dT]| 21)

The accuracy of these approximations for selected conditions is
given in Table IX, with the Kinzer and Gunn data as the
comparative base.




TABLE Vi1

ERROR (C) OF THE LIFTING CONDENSATION LEVEL
TEMPERATURE FUNCT ION

Initial Initial Relative Humidity (%)
Temperature
(C) 90 70 50 30 10
-20 ~-0.015 -0.015 -0.013 0.008 0.045
0 0.007 0.007 0.005 -0.002 G.009
+20 0.013 0.014 0.011 -0.004 -0.038
+40 0.021 0.029 0.030 0.004 -0.072

'
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TABLE |X|O

PERCENTAGE ERROR OF THE dM/dt APPROXIMATIONS FOR FREEIY
FALLING WATER DROPS FOR SELECTED CONDITIONS

Temperature
Drop Retative
Diameter 0C 40 C Humidity
(cm) 6]
(@M/dt)  (dW/dt),  (ai*/dt),  (dM/dt),

0.02 50 29 -43 40 10 !
45 29 -84 38 50 y
44 28 -90 36 20 !
1
0.08 33 4 -96 17 10 {
33 5 -102 5 50 :
32 3 -109 12 90 :
0.20 32 3 -106 13 10 3
32 4 -112 Hi 50 ;
3 2 -119 8 90 ?
0.30 43 I8 -84 22 10 /
43 19 -89 20 50 §
42 17 -96 17 90 ;
X
0.36 50 29 -64 31 10 :
50 29 -63 29 50 \
49 28 -4 27 90 1,

|OWhile these percentage errors are quite large, they relate to rather

small numbers, and are adequate for those problems where the cloud
physics are treated in a gross sense.
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Saturation-Adiabatic Temperatures

Air moved adiabatically from one pressure level to another in a
saturated state can take on one of two different values,

depending on the dispositica of the water content of the air.

If the total water content remains constant, the process is
reversible and the resulting temperature is the saturation-adiabatic
tenperature, TS. If the total water content decreases by the amount
of liquid water present s- that the process is irreversible,
the resulting temperature is the psuedo-adiabatic Temperature,
T.

m

The technique for determining these temperatures requires use
of the statement of the First Law of Thermodynamics, based on i
the definitions provided by Beers [I!, p. 359], in the form

RT vas
cdl - ——— d(P,-e ) + Td(—=——) + c (X + X )dT =0 (22)
D (Pf_es) t s T w 'S w
where
Ee :
X = 75-__2) (23) %
[ +-es ]

o

and the Clausius-Clapeyron Equation is

o

L
g Vs

d = ——dT (24)
RT?2

Di fferentiation of Equations (2) and (23), and substitution
along with Equation (24) intou Equation (22), yields after
rearrangement




— —~- v ~—y —
Sam=Slnine-

Lo RT + LX (5)

_(E- = L &

& ngva

P-edlc + c (X + X )}-0.575X + ——-
t s |p w 'S w S RT2e
To establish a value for the saturation-adiabatic temperature,
it is assumed that no hydrometeors are within the air at the
start of the process, so that (X + X ) = X (T ,P) =X_.
3 w s o’ o
Thus
T 4+
dar_ _ R s vas
s = yiwi (26)
dP stvP‘r
1 (?T-es)%p + CWXZ-0'575XS + ——R'.-‘:ze—s-
For the psuedc-adiabatic temperature, it is assumed that all
the tiquid water is removed from the air, so that Xw = 0.
Thus
RTm + LVXS
T v 27
® (P-e‘-'{“ + ¢ X_-0.575X_ + _—z—x A
t s'{b w's s RT%_

For many meteorologicél problems it is sufficient to assume that

the partial pressure exerted by the air is much larger than that exerted
by the water vapor included in the air, that the relative mass of the
water vapor is small compared to the mass of the air, and that the
latent heat of vapcrization is constant. With these assumptions, Eq.
(22) can be expressed as

¢cdl - —dP, + LdX = 0 (28)
p T v 's

~——
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and Eg. (23) can be expressed as

29)

He: e Tx is used to designate “his meteorological approximation
to the psuedc-adiabtatic temperature

de - RTx * Lexé (30)
dP X2 2p
P* .+ S v f‘
p RTze I
s

where for each Equation (26), (27), and (30), e and L are
assumed to be functions of TS, Tm' or Tx’ as aparopria¥e.

The solution of these equations is sought by rfing a second-order

predictor-corrector method [12, pp. 385-386]1 ", where the initial
step is accompl ished using

_ dT
Ty = To ¥ G’ﬁ) AP (31)

Thereafter, a first approximation "predictor" is made using

B} dar
Ty =T, +25% iAP (32)

and the "corrector" is

A systems sub-program for the Univac | 108 computer is available

for accomplishing this integration in a more general manner
(18, sec. I, p.1].




The "correctsr” is repeated until

T - T

i+l

T

i+l

< specified ciosure (343

To provide some indication of the validity of this integration
technique, the expression

== 0.5y T+ (35)

was integrated frgg y=l to y=30, with a 4y of 0.0l and a closure
requirement of 10 ~. The results are given in Table X.

While an accuracy analysis of the saturation- and psuedo-adiabatic
temperatures is not possibic due to a lack of a suitable
conparative base, it is possible to compare the results with those
obtained by another approximation method [5, p. 318]. The
comparisons are given in Table XI and include the values provided
by List [5, pp. 320-321] for psuedo-adiabatic temperatures

with initial conditions of 1096.7 mb and 14C, program -3
requirements of 4p = 2 mb, and a closure requirement of (0 7,

20
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TABLE X

e~

COMPAR:SO OF THE RESULTS OF THE WUMERiOAL METHOD, FOR SOLYING A
DIFFERENTIAL EQUATION APPLIED 10 dx/dy = My > + |

VYaive of vy Initial Value Valve of x Di fference of
of y ) X

integration x=y  +y Valves of X

FPercentage
2 ! 3.41421 3.51421 -0.00004

4 I € .00000 6.00000 -0.00006 .

6 { 8.44949 8.44949 -0.00006
8 i 10.82843 10.82843 -0.00006
16 | 20.00000 20.00001 -0.00005
25 i 30.00000 30.00001 -0.00003
30 1 35.47723 35.47723 -0.00002
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TABLE Xi

COMPARESONS OF SATURAT ICK-ADEASAT IC TEMPERATLRES (C)

SATURKT ED-AD I ABAT IC

PRE SSURE PSUEDC-ADIASAY iC

CRALCULATED MET APROX

CRLCULATED

LIST

0. o.lu-I.JJJ9888~18768766565655544
»

= O W .....3579'3579 M O\ e Y ™~ -

T2 o A e kN ENENE AR AR

OOOI.I.l2.|877767656655343.444333
1 L] . . . . . .

0 - RN = MUY N O = NS OV = M IS -_—
TRRRELTN ATVANRIIINT SRANIRRRSRY

00'.I.I227m766544322|-997756442.lo
N w AR AT AR A IR A N %)) N \O © 80
Mll..m o N [ I | _.ﬂl.ul_...l_..l..mzmnlnzmla 6 4

00000000000000000000000000000

(3] 864 246 02 68 N [+0} [o 0] o
sog NdyddcdvesgdsegrniRded
| I I | [ D D I T T | ]
MNR©0Qe0eRg000900880a8892930aN
. . [y . . . . » .

- ™~ - -~ OV — ~0N0 - [e0]
X853 8RI~E8cRRRRAREERTSS8R
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T38EE X (opm) |

COMPAR SIS OF SATURAT ION-ADIASAT [T TEMPERATURES (C)

———

Y

PRE SSURE PSUEDD-ADIASNY 1€ SETURKT ZD-A00 ASKRT IC
LIST CALCURATED CRLCUNATED NET SPPROX
375.3 -£4£.0 -£2.9 —43.3 <£3.4
»3.5 -45.0 -4£3.9 -45.3 ~4£5 .4
352.1 -48.0 -£5.8 —4£7.2 -47 .4
341.C -55.0 -£7.7 -49.2 -4£5.4
336.2 -52.6 —49.¢ -51.2 -5i.4
319.7 ~54.0 ~51.5 -53.2 -53.4
305.5 -56.6 -53.4 -55.2 =35.4
299.6 -58.0 -55.3 ~-51.2 -571.3
289.9 -60.0 -57.2 -59.2 -59.3
2e0.5 -62.0 -55.1 -61.2 -61.3
27i1.3 -64.0 -51.0 -63.1 -63.3
262.3 -56.0 -62.9 -65.1 -65.3
253.6 -68.0 -64.7 -67.1 -57.3
245.1 -70.0 -66.6 -69.1 -69.3
23c.8 -72.0 -68.5 -71.1 -71.3
228.7 -74.0 -70.3 -73.1 -73.2
220.8 -76.9 -12.2 -715.1 -5.2
213.2 -78.0 -74.0 =771 ~77.2
205.7 -80.0 -75.8 ~79.1 -79.2
198.4 -82.0 -77.7 -81.1 -81.2
191.3 -84.0 -79.5 -83.0 -83.2
184.3 -86.0 -81.3 -85.0 -85.2
177.6 -88.0 -83.0 -87.0 -87.2
171.0 -90.0 -84.8 -89.0 -89.2
164.6 -92.0 -86.5 -91.0 -91.2
158.4 -94.0 -88.3 -93.0 -93.2
152.4 -9.0 -89.9 -95.0 -95.1 %
i
23
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COUTELDING PEMERRS

Thir report tas prasentes Tumerical Techmigoes for 2ppmodmatimg

the velues of zexerz] metzorpiogicz! sirameters azloog willk the

aoozracies of the resplits of the gpproximeticas. This bhas beem

Zore so finzt (i} the mefiods might be documented for use by orters,

(2 the representativeness of fhe resuifts of applying the techmiques

micht be mede zwzilable for amzlysis for other purposes, amc (33

the comparison of these techmiques with ofhers can be rezdily accomplished.
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APPENDIX

COMPUTER LANGUAGE LISTINGS OF FUNCTIONS AND SUBROUTINES
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